The Performance of Alfalfa Synthetics in the First and Advanced Generations by Kehr, W. R. et al.
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Historical Research Bulletins of the Nebraska
Agricultural Experiment Station (1913-1993) Agricultural Research Division of IANR
10-1961
The Performance of Alfalfa Synthetics in the First
and Advanced Generations
W. R. Kehr
H. O. Graumann
C. C. Lowe
C. O. Gardner
Follow this and additional works at: http://digitalcommons.unl.edu/ardhistrb
Part of the Agriculture Commons, Agronomy and Crop Sciences Commons, and the Plant
Breeding and Genetics Commons
This Article is brought to you for free and open access by the Agricultural Research Division of IANR at DigitalCommons@University of Nebraska -
Lincoln. It has been accepted for inclusion in Historical Research Bulletins of the Nebraska Agricultural Experiment Station (1913-1993) by an
authorized administrator of DigitalCommons@University of Nebraska - Lincoln.
Kehr, W. R.; Graumann, H. O.; Lowe, C. C.; and Gardner, C. O., "The Performance of Alfalfa Synthetics in the First and Advanced
Generations" (1961). Historical Research Bulletins of the Nebraska Agricultural Experiment Station (1913-1993). 200.
http://digitalcommons.unl.edu/ardhistrb/200
Research Bulletin 
200 
October 1961 
The Performance 
of Alfalfa Synthetics 
In the First and 
Advanced Generations 
by 
W. R. Kehr 
H. 0. Graumann 
C. C. Lowe 
C. 0. Gardner 
University of Nebraska College of Agriculture 
The Agricultural Experiment Station 
E. F. Frolik, Dean; A. W. Epp, Acting Director 

Summary 
Acknowledgment 
Introduction 
Literatu re Review . 
TABLE OF CONTENTS 
Fertility R elationships 
Combining Ability and Parent-Progeny Relationships 
Utilization of Superior Germplasm 
Materials and Methods. 
Results 
Forage Yield Data 
Lincoln, Nebraska 
Ithaca, New York 
Locations Combined. 
Closely Related Multiple-clone Synthetics 
Two-clone Synthetics 
Parent-progeny Relationships 
Discussion 
Appendix 
Literature Cited 
Page 2 
3 
4 
4 
5 
6 
7 
9 
13 
14 
14 
18 
22 
26 
29 
31 
32 
35 
41
Issued October 1961. 3,500 
SUMMARY 
Forage yield and other agronomic data were obtained simultane-
ously on the Syn-1 -2, -3, and -4 generations of 14 multiple-clone (4 to 
6 parental clones) and five 2-clone alfalfa synthetics for the same 3-year 
period at Lincoln, Nebraska, and at Ithaca, New York. All seed was 
produced in natural isolation plots. 
Three ways of producing synthetics were defined as the single-cross, 
double-cross, and multicross methods. Parental clones of non-inbred 
origin had been selected on the basis of good general desirabi lity in 
replicated clonal tests, high combining ability for forage yield in poly-
cross and in a few instances single-cross tests, and bacterial wilt re-
sistance in controlled tests. The group of 19 synthetics was considered 
a random sample of the kind of combinations used at the Nebraska 
Experiment Station to produce superior hay-type varieties. 
Average Syn-1 generation forage yields were significantly greater 
than those obtained in the Syn-2, -3, and -4 generations for both the 
multiple-clone and the 2-clone synthetics. Yields generally declined as 
generations were advanced, the greatest change being from the Syn-1 
to the Syn-2 generations. Average yields of the Syn-2, -3, and -4 genera-
tions were very similar. Yield trends for both multiple-clone and two-
clone groups of synthetics were in good agreement for both locations. 
Relative forage yields of the multiple-clone group at Lincoln, com-
pared with the average of the check varieties as 100, were 107, 104, 
102, and 101 for the Syn-1, -2, -3, and -4 generations, respectively; rela-
tive yields of the two-clone group were 108, 98, 100, and JOO for the 
Syn-1, -2, -3, and -4 generations respectively. As equilibrium was ap-
proached, relative yields of the two groups of synthetics were essentially 
the same. Similar trends were evident from the Cornell data which 
were less critical than the Lincoln data . 
Great variability was evidenced in the forage yield performance 
of the four generations of individual synthetics. The mean performance 
obtained for generations of synthesis is of little value in predicting the 
yield trend of an individual synthetic with a similar number of parental 
clones. Each new synthetic must be tested to determine its performance 
in the different generations of synthesis and to select the generation 
to be compared with n amed varieties for the purpose of judging its 
value as a variety. In general, the Syn-2 or a more advanced generation 
should be used for critical forage yield trials of experimental syn the tics 
to be used in an advanced generation. 
' The agronomic characteristics of spring vigor, spring and fall 
growth habits, rate of recovery after cutting, foliar disease and wilt 
r eaction did not differ with generation of synthesis. 
Factors which may contribute to performance as generations are 
advanced include relationship of parental clones, method of producing 
th e Syn-] generation ferti lity and compatibility r elationships, natural 
selection, genotype x environmental interaction in both seed and forage 
production, age and quality of seed, and, of course, sampling error. 
Average Syn-1 forage yields for the five 2-clone, eight 4-clone, and 
five 5-clone synthetics were essentiall y equal. Average Syn-4 yields for 
these groups were also nearly equal. Thus the optimum number of 
clones to be included in a synthetic within the range of 2 to 5, which 
was most thoroughly studied, could not be defined. The group of 
synthetics in this study was not constituted to obtain the most critical 
data on this question. Since among both the 2-clone and the multiple-
clone groups high-yielding synthetics were found to be adapted at 2 
diverse loca tions, it seems that the optimum number depends on the 
number of clones available that combine well and contribute the spe-
cific traits desired in the synthetic. 
Little relationship was evident between self-fertility of the parental 
clones and forage yield of the synthetics derived from them. A non-
significant correlation r = -.05 was found. A correlation of r = -.32** 
was obtained between self-fertility of parental clones and forage yield 
of their polycross progeny although high-yielding progeny were ob-
tained from self-fertile clones. 
A non-significant correlation r = .22 was obtained between the 
average forage yield of polycross progeny of parental clones and the 
forage yield of synthetics derived from them. Most of the parental 
clones were high in general combining ability which may account for 
this low correlation. 
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The Performance of Alfalfa Synthetics 
In The First And Advanced Generations ' 
W.R. Kehr, H. 0. Graumann, C. C. Lowe, and C. 0. Gardner2 
INTRODUCTION 
During alfalfa breeding investigations conducted at the Nebraska 
Agricultural Experiment Station, numerous superior clones were se-
lected and tes ted as clones, and in polycross progeny tests. 
Information was needed on the performance of synthetic varieties 
in the first and advanced generations, on the optimum number of 
clones to include in a synthetic variety, and on parent-progeny rela-
tionships. 
Clones with high general combining ability for forage yield as 
measured by polycross progeny tests, and in certain instances specific 
combining ability based on single-cross tests, were intercrossed in vari-
ous ways to produce synthetic varieties. A group of synthetics varying 
in number of parents from 2 to 6 clones, having in some instances 
certain clones as common parents, was tested initially in the first gen-
eration of synthesis (referred to as Syn-I from here on), later in the 
Syn-I versus the Syn-2, and in some instances in the Syn-I, Syn-2, and 
Syn-3, and ultimately in the Syn-1,-2,-3, and -4 generations. 
The purposes of this bulletin are to report ( 1) comparative results 
obtained in yield trials involving the Syn-1,-2,-3, and -4 generations of 
5 two-clone and 14 multiple-clone synthetics at Lincoln, Nebraska, and 
Ithaca, New York, and (2) parent-progeny relationships. 
LITERATURE REVIEW 
While published research findings for many different open-pol-
linated species may have considerable application to alfalfa breeding 
and improvement, this r eview will be confined to literature pertaining 
mainly to alfalfa. 
Contribution from Crops R esea rch Division , A.R.S., U.S.D.A., in cooperation 
with the Nebraska Agr. Experiment Station and Cornell University Agr. Experiment 
Station. 
Research Agronomist, Crops R esearch Division , A.R.S. , U .S.D .A ., Nebr. Agr. 
Experiment Station; Agricultural Administrator, Crops Research Division , A. R. S., 
U.S.D.A., Plant Industry Station, Beltsville, Maryland; Associate Professor, Dept. of 
Plant Breeding, Cornell University Agr. Experiment Station, Ithaca, New York; 
Professor D epartment of Agronomy, University of Nebr. Agr. Experiment Station , 
Lincoln, Nebraska. 
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Fertility Relationships 
Tysdal (16) reported that 60 to 90 percent of field-run seed results 
from cross-fertilization, and tha t foreign pollen will effect 80 to 98 per-
cent of the fertilizations if self and foreign pollen are both present on 
the stigma at the time of tripping. 
Wilsie and Skory (22) found the F1 obtained from high x high 
self-fertile clones, and low x low self-fertile clones to be high and low 
in self-fertility, respectively. 
Self, sib, and outcross fertility relationships of F1 hybrids involving 
5 to 15 sister plants from 5 different crosses were reported by Tydal 
and Kiesselbach (18). The two most highly self-sterile hybrids, when 
outcrossed, gave the greatest increase in seed production over sibbing. 
All hybrids showed greater seed production when sibbed than when 
selfed. In a study of the progeny from open-pollinated seed obtained 
from 25 non-inbred plants they concluded that it was possible to ob-
tain relatively high-yielding progenies from open-pollinated, self-fertile 
plants, but the chances were much better of finding superior-yielding 
progenies among the self-sterile plants. 
Tysdal and Crandall (17) tested the Syn-1 generation of eight syn-
thetic combinations derived from clones differing in self-fertility. Al-
though the higher-yielding synthetics were obtained from clones low 
in self-fertility, it was concluded that it was unnecessary to have 
complete self-sterility to produce high-yielding hybrids or synthetics. 
Wilsie (2 I) expressed the opinion that because of the advantages of 
hybrid plants, considerable genetic self-fertility was unlikely to greatly 
offset the level of heterozygosity in normal alfalfa populations. In his 
studies, self-fertility appeared to be relatively independent of com-
bining ability, and self- and cross-fertility were positively correlated. 
Gardner,3 from a study involving selected populations of alfalfa, 
concluded that self-fertility appears to be controlled by heritable fac-
tors. One generation of inbreeding was found to greatly reduce self-
fertility in the S1 progenies of medium and highly self-fertile clones. 
It was believed that this reduction may have resulted from an increase 
in homozygosity of factors favoring self-sterility. Polycross progenies, 
"single-cross" progenies, and synthetic varieties which originated from 
natural crossing between relatively self-fertile clones of hybrid origin 
tended to be somewhat lower in self-fertility than their parental lines. 
Conversely, polycrosses, single-crosses, and synthetic varieties which 
originated from relatively self-sterile clones tended to be somewhat 
higher in self-fertility than their parental lines. Partial inbreeding in 
the former, and increase in heterozygosity with respect to self-sterility 
factors in the latter case were offered in explanation for the observed 
results. 
• Gardner, C. 0. Self-fertility in selected populations of alfalfa, Medicago sp. M.S. 
Thesis, Dept. of Agronomy, Univ. of Nebraska, 1948. 
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In addition, Gardner found no significant difference in self-fer-
tility between the Syn-1 and Syn-2 generations of any of three synthetics 
studied whose parental clones averaged 15, 23, and 69 percent self-
fertility, respectively. It was su ggested that all synthetics may tend to 
approach a common mean of 25 to 35 percent self-fertility, regardless 
of parental values. 
Combining Ability and Parent-Progeny Relationships 
Tysdal et al. (19) found no significant correlation between the 
p erformance of space-planted selections of open-pollinated origin and 
their progenies derived from open-pollination. In contrast, however, 
a correlation of .35* between the forage yie ld of hybrids and o ut-
crossed progeny of inbreds involved in the hybrids led them to suggest 
the use of the polycross method for combining ability tests. Finding 
little correlation for forage yield between parents of open-pollinated 
origin and their progenies derived from open-pollination, Tysdal and 
Kiesselbach (18) concluded that plants should be selected for inclusion 
in experimental hybrids on the basis of their own performance and 
their ability to transmit desired qualities to their offspring. 
Tysdal and Crandall ( I 7) found that for the characters forage yield, 
bacterial wilt reaction, cold resistance, and potato leafhopper resistance 
the rank of seven clones was practically th e same whether they were 
ranked by polycross, topcross, or average single-cross progeny per-
formance. Evaluation of parents through studying polycross progenies 
gave equally good res ults as those obtained from selfed progenies. 
Wilsie and Skory (22) reported the following yield correlations 
from a study involving various selections: .42 between clones ( 1st year ) 
and selfed progenies (S1); .36 between clones (2 years) and open-pol-
linated progenies; between open-pollinated and selfed progenies 
(S1 ); .37 between genera l combining abili ty as m easured b y open-
pollinated progenies and specific combining abili ty as measured by 
single-crosses. They believed that the specific combining ability of lines 
should be determined as an aid in the selection of lines for inclusion 
in a synth etic variety. 
Wilsie (21) in oth er work with alfalfa reported generally high cor-
r elations between parent and progeny performance and rather low 
but statistically significant correlations for forage yield between cut-
tings of clones and their open-pollinated and S1 progenies. H e con-
cluded that open-pollinated and S1 progenies were of nearly equal 
value as indicators of the breeding potentia l of their parent clones. 
D avis (4) reported significant positive correlation coeffici en ts for per-
formance of clones versus S1 and polycross progenies. 
4 * = significant at .05 percent. 
5 ** = significant at .01 percent. 
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Johnson (9), in an extensive literature review of the evaluation of 
breeding materials, pointed out that there is little relationship be-
tween combining ability and levels of inbreeding and that there is need 
for more intensive study of the relationships between general com-
bining ability, specific combining ability, and synthetic variety per-
formance. 
Utilization of Superior Germplasm 
Recognizing that both inbred and non-inbred plants of alfalfa 
could be used in the development of synthetics, Tysdal and Crandall 
( I 7) defined a synthetic variety "as a variety that is developed by 
crossing, compositing, or planting together two or more strains or 
clones, the bu lk seed being harvested and replanted in successive gen-
erations. By natural intercrossing the strains or clones are 'synthesized' 
into a new variety." 
Tysdal et al. (19) presented data obtained on 28 single-crosses pro-
duced from inbreds. Forage yields of the highest-yielding and of the 
average of the top IO hybrids were 39 and 15 percent more, respec-
tively, than the average of the check varieties. Average seed yields 
of the IO hybrids highest for this character exceeded the checks by 69 
percent. Only two hybrids excelled in both forage and seed yield. It 
was found that respective average relative forage yields of 4 inbred 
lines, and of the F 1 and F 2 generations of 2 single-crosses involving 
them were 55, 96, and 41 percent those of the check varieties. These 
workers realized that, theoretically, F 1 hybrids would exceed synthetics 
in yield but suggested compositing the best selected lines, as determined 
from polycross progeny tests, into synthetics until such time as com-
mercial production of hybrid alfalfas becomes feasible. They concluded 
that: (1) superior forage yields cannot be expected to result from com-
binations involving highly self-fertile parent lines, (2) Syn-2 through 
Syn-4 yields would be very similar, (3) testing prior to the Syn-2 genera-
tion may not give a reliable indication of yields for other generations, 
and (4) high-yielding synthetics can be produced from high-yielding 
inbred or non-inbred materials. They further pointed out that u nder 
field conditions the differential survival of inbreds and hybrids, varia-
bility in seed-yielding ability of plants, compatibility differences of 
various crosses and reciprocals, amount of sibbing, and the effect on 
performance caused by different proportions of inbred to hybrid plants 
would influence the level of forage yield. 
Differential survival of plants from inbred lines, hybrids, and 
standard varieties were reported by Tysdal et al. (19). In addition, 
Tysdal and Kiesselbach (18) studied forage yield as affected by com-
petition between varying proportions of plants of inbred and non-
inbred origin. It was concluded that a relatively high percentage of 
selfing and sibbing would h ave to occur in a natural crossing block in 
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order to significantly lower the general fi eld performance for hay 
production when seeding rates are 12 pounds or more per acre. 
Tysdal et al. (19) urged thorough investigation of possible com-
mercial u se of F1 hybrids, and presented a plan for producing double-
crosses commercially. This plan involves the u se of rooted cuttings 
of highly self-sterile plants for production of-single-crosses, and in turn 
mixing seed of these for production of commercial double-crosses of 
highes t performance predicted from single-crosses. Bolton (2) proposed 
an alternative plan, suggesting the possible use of non-self-tripping 
self-fertile plants to largely reduce the n ecessity for vegetative propa-
gation. 
Tysdal and Kiesselbach (18) presented data on the forage yields 
of 10 single-cross alfalfa hybrids produced in natural-crossing fields 
comprising asexual stocks of r elatively self-sterile clones not previously 
tested for combining ability. Of 10 such crosses tested, 2 were signifi-
cantly higher in yield than the standard check varieties, 2 were dis-
tinctly lower, and the others were intermediate. 
In addition, Tysdal and Kiesselbach (18) presented a detailed 
discussion of a procedure for alfalfa improvement by "controlled 
hybridization." They pointed out that synthetic varieties m ay b e de-
veloped either by planting a group of high-combining clones together 
in a natural crossing plot, or by advancing superior double-crosses or 
multiple-crosses several seed generations. It was also recognized tha t 
use of more than four clones in a synthetic may b e desirable to pre-
vent close breeding. 
Tysdal and Crandall (17) reported that clones which showed su-
perior polycross progeny performance for forage production and wilt 
res istance also gave the highes t-yielding and most wilt-resistant single-
crosses. They realized that maximum yield would be obtained through 
utilizing specific combining ability, but thought that tests for specific 
combining ability could be minimized since desirable synthetics and 
h ybrids had b een produced b y intercrossing the bes t general combiners 
as determined in polycross progeny tests. 
Graumann (6) observed an apparent relationship between the 
number of p arental clones and the yield of synthetic varieties of al-
falfa. The one 3-clone, seven 4-clone, six 5-clone, and one 6-clone combi-
nations gave respective m ean relative Syn-1 yields of 112, 108, 103, and 
105 percent as compared with the average of the check varieties. How-
ever, few p arental clones were in common for the various synthetics . 
Preliminar y reports on the present inves tigation, based on work 
at the Nebraska station, h ave been presented by Graumann and Mat-
lock (8), Graumann (6), and Graumann and Kehr (7) . The following 
generalizations were drawn from these preliminary r esults: (a) highest 
yields were obtained from the Syn-1 generation; (b) the greatest ch ange 
in yields as gen era tions were advanced was b etween the Syn-1 and 
Syn-2 generations, the magnitude of this change being much larger 
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for the 2-clone than for the multiple-clone groups; (c) there was very 
little difference in forage production of the Syn-3 and Syn-4 genera-
tions for the two groups; (d) for critical forage yield trials, where syn-
thetics are compared with commercial seed lots, the Syn-2 or a more 
advanced generation of the synthetics should be used. 
MATERIALS AND METHODS 
The 19 experimental synthetic alfalfas studied in this investigation 
are listed in Table 1. For convenience of reference and interpretation 
of results the synthetics having more than two parental clones have 
been designated multiple-clone synthetics. In this group the number 
of parental clones varied from 4 to 6. Combinations having only 2 
parental clones were grouped separately as 2-clone synthetics. Synthetics 
having an identification number prefixed by the letter A were pro-
duced for testing at the various State agricultural experiment stations 
participating in the Alfalfa Conference. Several synthetics had parental 
clones in common. 
The designation "two-clone synthetics" is used in preference to 
"single-cross." Single-crosses as produced in corn and certain other crops 
involve controlled pollination and usually relatively homozygous par-
ents. The clones used in this study were heterozygous, and pollination 
was controlled only to the extent that contamination from foreign 
pollen could be minimized by isolation of seed production plots. Self-
fertility was present to some degree in all of the parental clones. Thus 
Table I. Pedigree of the experimental synthetics investigated and method of pro-
ducing the Syn-I generation. Lincoln, Nebraska. 
Synthetic I 
No. 
Multiple-clone Synthetics 
Parental clones 
A201 Cl5, C16, Cl7, C20, C23 
A202 CI2, CI3, C18, C22, Nebr. 1331 
A203 Cll, Nebr. 1296, Nebr. 1298, Nebr. 1312, Ohio ll02-2 
A204 C2, CS, CI0, C21 
A205 C2, Cl4, C24, C29, C36 
A206 C3, C7, Cl9, C21, C27 
A207 Nebr. 1315, Nebr. 1322, Nebr. 1327, Nebr.1332, Nebr. 1342 
A218 (C2 x Cl0) (CS x C21) 
A219 (CS x ClO) (Cl7 x Cl9) 
A220 (CS x Cl 7) (Cl0 x C21) 
A224 C53, C63, C87, Cl30 
A225 C2, Cl0, C27, C32, C36, C46 
A226 CI0, C22, C35, C42 
1702 CS, C9, ClO, C55, Nebr. 1321 
Two-clone Synthetics 
C2 x ClO 
cs X Cl0 
cs x C21 
CI0 x C21 
Cl7 x Cl9 
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Method of 
producing seed 
of the Syn-I 
Multicross 
Multicross 
Multicross 
Multicross 
Multicross 
Multicross 
Multi cross 
Double-cross 
Double-cross 
Double-cross 
Multicross 
Multicross 
Multicross 
Multicross 
Single-cross 
Single-cross 
Single-cross 
Single-cross 
Single-cross 
it must be assumed that seed produced by a clone in a given iso-
lated natural crossing plot was comprised of a mixture of cross- and 
self-pollinated seed. 
The two-clone synthetics were produced b y the "single-cross meth-
od." That is, each two-clone synthetic resulted from natural inter-
pollination between plants grown from rooted cuttings of two parental 
clones transplanted in alternate rows in an isolated seed production 
plot. Randomized designs of from 3 to 6 replications were used ; each 
replication contained 10 to 20 cuttings of the parental clones. The 
cuttings were spaced 1.5 feet apart in rows 3 feet apart. 
Two methods were used in the production of seed of the Syn-1 
generation of the multiple-clone synthetics. Both methods involved 
the use of isolated natural crossing plots. The "double-cross m ethod" 
consists of growing seedling populations of the two parental 2-clone 
synthetics in alternate rows in an isolated seed production plot. The 
"multicross method" consists of transplanting equal numbers of rooted 
cuttings of the parental clones into an isolated plot in the same manner 
as described for the "single-cross method" except that more than two 
parental clones are involved. The Syn-1 generation resulting from each 
method of production consisted of a mixture of equal quantities of 
germinable seed from the parental clones or from the two-clone syn-
thetics involved. 
The isolated natural crossing plots were located on vacant lots and 
portions of private gardens within the city of Lincoln and in corners 
of fields on the Agronomy Farm of the Nebraska Agricultural Experi-
ment Station. The distance between plots varied from one city block 
(400 feet) to several miles. Wherever possible isolated plots closest to-
gether were utilized for different generations of the same synthetic. 
Pollination was achieved through the activity of honeybees and natural 
populations of wild bees. Plots were not caged, isolation being entirely 
dependent on distance. 
The Syn-2 and other advanced generations were also produced in 
natural crossing plots . A given synthetic was advanced by transplanting 
approximately 900 seedling plants grown in the greenhouse from seed 
of the previous generation. No selection was practiced in advancing 
the generations. In most cases adequate seed production was obtained 
in the year of es tablishment but in some instances a given isolation 
had to be maintained for two or more years. Because of the number of 
years required to produce the four generations needed for this study, 
some lots of seed were considerably older than others and had lost so 
much germinability they were undesirable for inclusion in the study. 
New seed of these lots was produced. Consequently establishment of 
the test was delayed until 1951 when seed lots of relatively comparable 
vitality were available. 
A 5 x 5 balanced lattice split-plot design with 6 replications was 
used in seeding the experiment at Lincoln, Nebraska, and at Ithaca, 
IO 
New York. The 25 main plots consisted of the 19 experimental syn-
thetics and 6 check varieties. For the experimental synthetics, sub-plots 
of a given main plot consisted of the four different seed generations. 
For check varieties, four sub-plots of the same seed lot were included in 
each main plot to balance the design. In certain instances insufficient 
Syn-1 and Syn-4 seed necessitated substitution of entries in one or 
several replications, as pointed out in tables 8 and 9. Where this was 
necessary, Syn-2 seed of the same synthetic was substituted for Syn-1, 
and Syn-3 for Syn-4. The effect of this would be to slightly underesti-
mate the true difference between seed generations. Detailed study 
showed that the substitutions which were made influenced the results 
in only a minor way. It was decided to analyze the results and broadly 
interpret the data without regard to the substitutions. 
The experiment at Lincoln, Nebraska, was seeded on April 28, 
1951 , on the Agronomy Farm of the Agricultural Experiment Station. 
The soil is classified as Sharpsburg silty clay loam. Lime and phosphate 
were applied in accord with soil test recommendations. Sub-plots were 
planted in single drilled rows 15' in length and 12" apart. Plots of 
the 4 generations for each of the 19 experimental synthetics were ran-
domly arranged within main plots in each replication. Seeding rates 
were adjusted according to germination tests to seed at the rate of 
approximately 12 pounds of viab le seed per acre, or about 5 seeds per 
linear inch of row. 
At Ithaca, New York, the experiment was seeded in 4.5' x 15' 
broadcast plots on May 10, 1951. The experimental design was iden-
tical with that at Lincoln. Adjusted seeding rates at Ithaca were ap-
proximatley 10 pounds per acre or 50 viable seeds per square foot. 
Three cuttings per year, made at or sl ightly past the I / 10th bloom 
stage, were obtained annually at Lincoln. These harvests were made 
at approximately 30-day intervals beginning the last of May or first 
of June each year. Rainfall, which averages about 26 inches per year, 
was supplemented by flood irrigation as needed to produce normal 
yields and prevent variable field conditions within the experimental 
area. 
Cutting management at Ithaca was two cuttings per year-normal 
for the area. Cuttings were made in early July and early September 
at or slightly past the full bloom stage. Rainfall at Ithaca exceeds 30 
inches per year and is seldom a limiting production factor for well-
established alfalfa. Soil depth and drainage conditions are more re-
sponsible for variable performance than moisture availability. The 
Ithaca test was located on a site fairly uniform in drainage and capable 
of high production. 
At both locations, green weights were determined to the nearest 
1/ 20 pound immediately after cutting each plot. Samples for moisture 
percentage determinations at Lincoln were taken at intervals of ½ to 
1 hour depending on time of day. The shorter intervals were used 
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before 10 a.m. and after 3:30 p.m. The samples were oven-dried at 
approximately 180° F. for 48 hours to a moisture-free basis. Moisture 
samples at Ithaca were taken on all plots immediately after cutting. 
At Ithaca, yields were adjusted on the basis of visual estimates of 
botanical composition. Initial stands were good with few weeds but 
encroachment, particularly of quack grass (Agropyron repens), was 
common in the last h arvest year. At Lincoln, initial and final stands 
were equal and n early perfect. Forage yields at both locations are re-
ported in tons per acre of 12% moisture h ay. 
Self-fertility determinations were based on counts made of the 
percentage of pods which set seed after 100 florets per clone h ad been 
manually tripped with a sterile toothpick . From 5 to 10 florets on each 
of 10 to 20 racemes were tripped. Most of the fertility d ata were ob-
tained in the field. Greenhouse determinations were made in several 
instances. Wilt reaction was determined in controlled seedling inocula-
tion tests. 
Spring and fall growth habits and r a te of recovery after cutting 
scores were determined at Lincoln. Foliage color, leaf spot reaction (a 
n a tural epidemic involving several p athogens occurred) and spring 
vigor scores were determined at Ithaca. 
Forage yield data obtained at Lincoln are reported as adjusted 
values based on statistical analysis of the data. Unadjusted forage 
yields are reported for Ithaca because the lattice arrangement of the 
main plots resulted in virtually no increase in precision. Genera tion 
differences are n ot affected by adjustment of variety m eans in the 
design employed . 
The general model used for the analyses of variance was as follows: 
Yijkl = µ + ri + vj + aij + gk + (vg\k + biik + Yi + (ry)i1 
+ (vy)j1 + (rvy)ijl + (gy)k1 + (vgy)ikl + cijkl 
Where µ = the general m ean. 
ri = the effect of the ith replication. i = 1 to 6. 
vj = the effect of the jth variety (synthetic). j = 1 to 25. 
aij = the interaction effect of the ith replication and the jth variety, 
plus the r andom variability among whole plots within a r eplica-
tion, which contributes to error (a) in the split plot an alysis. 
Where the lattice analysis was used, this was subdivided and an 
effective error (a') was calculated. 
gk = the effect of the kth generation. k = 1 to 4. 
(vg)jk = the interaction effect of the jth variety and kth generation. 
bijk = the effect of the sub-plo t which h ad the kth generation of the 
j th variety within the whole plot in the ith replication, which 
contributes to error b in the split plot analysis. 
y1 = the effect of the Ith year . I = l to 3. 
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(ry)H = the interaction effect of the ith replication and the 1th year. 
(vy)i1 = the interaction effect of the j th variety and the 1th year. 
(rvy)iiI = the second order interaction effect of the ith replication, 
the jth variety, and the 1th year. 
(gy)kt = the interaction effect of the kth generation and the 1th year. 
(vgy\ki = the second order interaction effect of the jth variety, the 
kth generation and the 1th year. 
ciikl = the effect of the sub-sub-plot which had the kth generation of 
the jth variety harvested in the 1th year from the ith replication. 
This contributes to error c in the split-split-plot analysis. 
The parameters estimated by the mean squares (the expected values) 
are given with the analysis of the Lincoln data in Table 3. They also 
apply to the Cornell data in Table 6 with the exception of mean 
square expectations, pertaining to "Varieties adjusted" and "Effective 
error." In evaluating the data, complex F-tests were necessary in many 
instances. These were made in the manner first suggested by Satter-
thwaite (12) and now more clearly explained in textbooks such as 
those of Anderson and Bancroft (1) and Snedecor (13). The expected 
values of the various mean squares indicated in Table 3, provide the 
basis for the F-tests made. Components of variance which would be 
es timated to be negative were considered to be non-existent or at least 
very small and unimportant, so were ignored in choosing the appro-
priate linear function of mean squares to make a particular test. 
"Least Significant Differences" (L.S.D.'s) were computed to eval-
uate means. One must keep in mind that when the L.S.D. _05 is used to 
compare all possible differences, somewhat more than 5 percent of 
such differences can be expected to be significant simply due to chance. 
However, in this work differences between successive generations can 
quite appropriately be assessed by means of the L.S.D. Differences be-
tween variety means and between generations not successive in rank 
can be assessed more precisely by means of Duncan's (5) "New Multiple 
Range Test. " However, even in evaluating such a difference as this 
the use of the L.S.D. leads to essentially the same conclusions and is 
sufficiently conservative for the breeder. 
RESULTS 
Forage yields were considered to be the most critical and most direct 
measurement of the various criteria used in evaluating the 19 experi-
mental alfalfa synthetics in 4 successive seed generations. 
Variation among seed generations for agronomic characteristics 
other than forage yield (i.e. spring and fall growth habits, rate of re-
covery, and bacterial wilt reaction at Lincoln, and spring vigor, foliage 
color, and leaf spot reaction at Ithaca) was found to be negligible. 
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Forage Yield Data 
Lincoln, Nebraska-Considerable variation in forage yield was 
noted for the different generations of the synthetic combinations tested 
during the three years of this study (see Appendix, Table 8). Perform-
ance of specific entries varied considerably from year to year, and rela-
tive performance of the entries shifted as indicated by the years x 
checks and the years x multiple-clone synthetics interactions (Table 3). 
Since stand counts in all plots were nearly perfect initially and 
changed little during the course of the study, and no differential disease 
or insect damage was observed, this season-to-season variability in pro-
duction was attributed to environment, despite the fact that the test 
area was irrigated each year. 
Mean yields for the 25 strains tested, averaged over generations of 
synthesis (Table 2), were significantly different (Table 3). The signifi-
cant F value was due solely to differences among synthetics, both within 
the two-clone and within the multiple-clone groups. The check varie-
ties did not differ significantly in average production. The relative 
mean yields of the multiple-clone combinations ranged from 90 to 108 
percent of the check variety Ranger, whereas those of the 2-clone com-
binations varied from 92 to 105 percent (Table 2). 
Forage yield differences due to generation of synthesis among syn-
thetics were significant at the one percent level (Table 3). Further 
detailed study of this generation effect is of great interest. For genera-
tions averaged over all 19 synthetics (Table 2) there was a general 
decline in yield as generations were advanced. It is evident that Syn-I 
yields were decidedly superior to those obtained in the other genera-
tions and that differences between the Syn-2 versus Syn-3 and Syn-3 
versus Syn-4 were small. 
The trend of generation effects averaged over the 14 multiple-clone 
synthetics was essentially the same as that found for the average of 
all 19. Syn-I yields were significantly greater than those obtained in 
the other generations, and small declines in yield from the Syn-2 to 
Syn-3 and Syn-3 to Syn-4 were obtained. Although 12 of the 14 syn-
thetics of this group showed a decline in yield from the Syn-I to Syn-2 
generations, significant decreases were obtained in only 2. In 10 of 
the synthetics, Syn-3 yields were lower than those of the Syn-2 but ap-
preciable decreases were obtained in only 2. Similarly, in 7 of 14 syn-
thetics the Syn-4 yielded less than the Syn-3 but significant decreases 
were obtained in only 2. No appreciable yield increases were obtained 
with an advance in generation of synthesis. 
Although the difference between average yields for the Syn-I versus 
Syn-2 of the 2-clone synthetics was larger than that obtained for the 
same comparison in the multiple-clone synthetics, the F value lies 
between the 5 and 10 percent levels of significance. Syn-2 through Syn-4 
vields were very similar. Four of the 5 synthetics showed a significant 
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Table 2. Average adjusted 3-year forage yields of 19 experimental synthetics and 6 
check varieties in tons/ acre of 12 percent moisture hay. Lincoln, Nebraska, 
1952-1954. 
Generat ion o f Synthesis I R elative Syntheti c Average Yi eld 
o r check Syn . I Syn. 2 Syn . 3 Syn. 4 % R anger 
Mu lt iple clone synthetics 
A201 3.84 3.69 3.95 3.93 3.85 90 
A202 4.59 4.71 4.60 4.49 4.60 108 
A203 4.51 4.39 4.00 4.14 4.26 100 
A204 4.74 4.23 4.36 4.3 1 4.41 104 
A205 4.54 4.51 4.27 4.07 4.34 102 
A206 4.36 4.14 3.92 4.10 4.13 97 
A207 4.09 4.22 4.17 4.28 4.19 98 
A2 18 4.47 4.37 3.99 4.06 4.22 99 
A2 19 4.45 4.21 4.17 3.74 4 .14 97 
A220 4.74 4.32 4.03 4.20 4.32 101 
A224 4.37 4.32 4.56 4.54 4.45 104 
A225 4.46 4.39 4.47 4.52 4.46 105 
A226 4.35 4.33 4.07 4.16 4.23 99 
1702 4.45 4.39 4.36 3.98 4.29 101 
Av. 4.43 4.30 4.2 1 4.18 4.28 
Two-clone synthetics 
C2 x Cl O 4.61 4.13 3.90 4.03 4.17 98 
cs X ClO 4.61 4.10 4.19 4.14 4.26 100 
CS x C2 1 4.64 4.08 4.09 3.87 4.17 98 
CIO x C2 1 4.73 4.27 4.47 4.47 4.49 105 
C I7 x Cl 9 3.69 3.80 4.07 4.17 3.93 92 
Av. 4 .46 4.08 4.14 4.14 4.20 
All 19 syn thetics av. 4.44 4.25 4.19 4 .17 4.26 
Checks 
Atlantic 4.2 1 4.05 4. 10 4.16 4.13 97 
Buffa lo 4.34 4.17 4.05 4.33 4.22 99 
Grimm 3.75 3.83 4.01 3.69 3.82 90 
Kansas Common 4.24 4.27 4.19 4.18 4.22 99 
Ladak 4.09 4.40 4.36 4.19 4.26 100 
R anger 4.35 4.3 1 4.22 4.1 4 4.26 100 
Av. 4 .16 4.1 6 4.15 4.11 4.15 
L.S .D . . 05 L.S.D .. 0 1 
For individua l genera tions within a given synth etic 0.34 0.44 
F'or generations averaged over a ll mul tip le clone synth etics 0.13 0 .17 
For generations ave raged over a ll two-clone syn th etics N .S. N.S. 
For genera tions ave raged over a ll synth eti cs 0.12 0.1 6 
decline in yield from the Syn-1 to the Syn-2 generation. No o ther 
significant d ifferences be tween gen era t ions within individual syn thetics 
were ob tained . 
T he ch ange in yield as genera tions were advanced was p articul arly 
evident when the Syn-1 versus Syn-4 da ta from all the synthetics were 
considered. In 10 of the 19 syn thetics, 7 from the multiple-clone group 
a nd 3 from the 2-clone group, Syn-4 yields were significantly less than 
the corresponding Syn-1 yields. Only in one synthetic, C l7 x Cl9, was 
there a significant increase in yield as genera tions were ad vanced . T his 
syn thetic will be discussed la ter. 
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Table 3. Analysis of variance of forage yields for 4 generations of 19 experimental synthetics and 6 check varieties tested in a 5 x 5 
balanced lattice split-p lot design, with 6 replications. Lincoln, Nebraska 1952-1954. 
Source of Variation l D.l' I s.s I M.S. F I Expected Mean Square 
R ep lications 5 45.2312 9.0462 1.73 CT 2 c + 4 o2 ,vy + 12 o 2 ,. + 100 CT 2 ,-y + 300 CT 2 r 
Varieties unadjusted 24 65.0308 2.7096 1.96* CT 2 c + 3 CT 2b + G (J2,.gy + 4 02 , vy + 12 CT 2 , + 24 0 2,., + 72 CT 2v 
Varietes adjusted 21 57.7008 2.4042 2.1 6** CT 2 c + 3 CT 2 1; + 6 CT 2vgy + 4 CT 2 ,-vy + 12 o~a' + 24 CT 2vy + 72 CJ 2 V' 
Checks vs synthetics 1 3.7479 3.7479 1.30 
Among ch ecks 5 10.3999 2.0800 1.60 
Among synthetics 18 43.5530 2.4196 2.52** 
2-clone vs mu lti-clone 1 1.5208 1.5208 1.96 
Among 2-clone 4 11.43 19 2.8580 4.04''* 
Among multi -clone 13 30.6003 2.3539 2.23* 
°' R andomized block error (a) 120 116.8298 0.9736 2.08** o ',+3 o',, + 402 ,.,-y+ l 2o2 , 
Blocks adjusted 24 57.7734 2.4072 
Intra-block error 96 59.0564 0.61 52 
Effective error (a') (96) 0.7068 CT 2 c + 3 CT 2 b + 4 CT 2 ,.,.,. + 12 o 2a ' 
Generations of synth esis 3 14.9716 4.9905 8.35** cr 2 c + 3 0 2 " + 6 02 , . .,. + 18 o ' ,·g + l 14 CT 2g,-+ 342 t g2.;3 
Generations x synthetics 54 32.2635 0.5975 2.26** CT 2 c + 3021, + 60',·n + 18 0 ' ,·g 
Gen. x 2-clone vs mu lti -clone 3 2.3368 0.7789 2.95* 
Gen. x 2-clone ] '.:! 10.7530 0 .8961 3.39** 
Gen. x multi-clone 39 19.1737 0 .49 16 1.86** 
Error (b) 393 103.8653 0.2643 2.61** CT 2 , + 3 CT 2 b 
Years 2 759.2985 379.6492 2.39** o2 c + 4 02 ,.., + 100 0 2 ,., + 600 0 2 , 
Years x rep lications 10 48.33 19 4.8332 15.90** 0 2 C + 4 CJ 2 ,· V)' + l 00 CJ\, 
Years x varieties 48 34.3487 0.71 56 2.35** o2 ,. + 4 cr2 ,·vy + 24 CJ \.,. 
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Table 3 continued 
Source of Varialion D . F s.s I M.S. I F Ex pc< ted J\r[ea n Square 
Yrs. x vaneues adjusted 48 33.9967 0.7083 2.33*" 
Yrs. x checks vs synthetics 2 4.9460 2.4730 8.13*"' 
Yea rs x checks 10 8.9758 0.8976 2.95** 
Years x synthetics 36 20.0749 0.5576 1.83** 
Yrs. x 2-clone vs multi -clone 2 0.7421 0.3712 1.22 
Yrs. x 2-clone 8 2.3403 0.2925 
Yrs. x multi-clone 26 16.9926 0.6536 2.15** 
240 72.9496 0.3040 3.00* • 0 2c+ 4o2 rvy Years x varie ti es x reps 
Years x gen. of synthesis 6 
Years x gen. x synthetics 108 
0.3337 
9.7699 
0.0556 
0.0905 
o', + 6 o'v.,- + 114 o".,, 
0 2 c + 6 0 2 v1;"y 
Error (c) 786 79.6190 0.1013 0 2 c 
---
Total 1799 1382.8435 
• Significant a t the 5 % level. 
11, ""S .gmt1<.:ant at tn c I % lcvc1. 
o 2c j g the component of variance that arises due to the uncontrollable variation encountered in measuring the yield of th e same sub plot in different years. 
a 2vgy is the component of variance that arises du e to the interaction of varieties, generations, and years. 
o 21n is the component of varia nce that arises due to the interaction of generations and years. 
cr2 r vy is the component of variance that a rises due to the interaction of replications, varietiesJ and years. 
cr2vy is the component of variance that arises du e to the interaction o f varieti es a nd years . 
cr2:r r is the component of variance that arises due to the interaction of years and repli cations. 
o 2~- is the compo nent of variance that a ri ses due to the differences among the three years whi ch results largely from environmental variations but may also be du e 
to age of the p lants. 
cr2b is th e component of varian ce that arises du e to the un controllable en vironmenta l variation among sub plots within whole plots. 
<T2vg is th e compo nent of variance that arises due to the interaction of varieties a nd generations. t g2/ 3 is the va ri an ce th at ari ses du e to the diffe rences in the four generations (considered a fixed effect). 
0 2a is the component of variance that arises due to the uncontrollable e n viro nmental variation among whole plots within a replication before adjustment plus 
any variety x replication interaction that m ay exist. 
0 2a' is th e component of varian ce that arises due to the uncontrollable environm ental variation among whole p lo ts within a replication after adjustment for block 
differences in the tripl e latt ice design plus an y vari ety x replica tion interaction th at ma y ex ist. 
a 2v is the component of variance tha t arises due to the differences among varieties of alfalfa . 
0 2v' is the component of variance that arises du e to the differen ces among varieties of a lfa lfa after they have been adju sted for block differen ces in the triple 
latti ce design . 
0 2 r is the component of vari an ce that arises due to the environmental differences among replica tions. 
The generation x synthetic interaction indicated that the yield 
trend from the Syn-1 to the Syn-4 generation differed for individual 
synthetics within each of the two groups. Average production for the 
two-clone group of combinations was slightly less than that of the 
multiple-clone group. These comparisons will be presented in subse-
quent figures. 
Three-year average relative forage yields of the seed generations 
for each of the two groups of synthetics closely paralleled those ob-
tained in each of the three years (Table 4) . In other words, the Syn-1 
generation was superior to the Syn-2 in all years; the Syn-2 of the 
multiple-clone synthetics was superior to the Syn-3 and Syn-4 genera-
tions each year; in the 2-clone synthetics, each year the Syn-2 lots pro-
duced som ewhat less than the Syn-3, and the yields of the Syn-3 and -4 
generations were about equal. In 1952 and 1954 all generations of all 
synthetics were equal or superior to the check varieties, but in 1953 
Syn-3 and -4 yields of the multiple-clone group and Syn-2, -3, and -4 
yields of the 2-clone group were inferior to the ch eck varieties. These 
data indicate that synthetics with a broad gene base are least subject 
to yield variation caused by environmental effects. 
Table 4. Relative forage yields of 4 successive generations of experimental synthetics 
in relation to the average yield of 6 check varieties as 100. Lincoln, Nebraska. 
Synth eti cs Generation of synthesis and 
Period of reJati ve forage yie1d s1 
Testing 
T ype No. Syn- I Syn-2 Syn -3 Syn -4 
Pct Pct Pct Pct 
Multiple-clone 14 1952 110 107 104 104 
1953 103 100 98 96 
1954 106 103 101 IOI 
1952-54 107 104 102 101 
Two-clone 5 1952 112 100 101 103 
1953 100 93 96 94 
1954 108 JOO 101 IOI 
1952-54 108 98 100 100 
1 In relation to the yield of the 6 check varieties (Atlantic, Buffalo, Grimm, Kansas Common , 
Ladak and R a nger) as 100. The mean yields of 12 % mo ist ure hay for these were 4 .17 tons/acre in 
1952, 3.44 tons/ acre in 1953 , 4.86 tons/ acre in l 9!i4 and 4 .1 5 tons/ acre in l 952-54. 
Ithaca, New York-Forage yields for the various generations of the 
different combinations showed extreme variation (see Appendix, Table 
9). However, r elative yield trends were simil ar to those obtained at 
Lincoln. The year variation at Ithaca differed from that a t Lincoln in 
that third-year yields tended to be lower than second-year. Most of this 
variation can be attributed to decrease in stands during the third h ar-
vest year rather than to general climatic variation between years. The 
ra ther general stand thinning and grass encroachment which occurred 
resulted from variable drainage conditions rather than bacterial wilt 
or winter injury. R elative performance of certain entries shifted as 
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indicated by the years x checks and the years x 2-clone synthetics inter-
actions (Table 6). 
Mean yields of the 25 entries, averaged over years and generations 
(Table 5), were not significantly different (Table 6). The range in mean 
relative yield of 90 to 114 percent for the 14 multiple-clone alfalfas 
compared to Ranger as 100 percent was greater than that obtained in 
Nebraska. Conversely the five 2-clone combinations showed a much 
narrower spread in relative yield at Ithaca than at Lincoln. 
Table 5. Average unadjusted 3-year forage yields of 19 experimental synthetics and 
6 check varieties in tons / acre of 12 per cent moisture hay. Ithaca, New York, 
1952-1954. 
Generation of synth esis I I Relative Synthetic Average Yield 
or check Syn-I Syn .2 Syn. 3 Syn-4 % Ranger 
Multiple-clone syn thetics 
A-201 3.54 3.73 3.81 3.70 3.70 98 
A-202 4.11 4.06 4.00 4.15 4.08 108 
A-203 3.79 3.75 3.62 3.56 3.68 97 
A-204 4.50 4.31 4.32 4.18 4.33 114 
A-205 3.99 3.92 3.67 3.82 3.85 102 
A-206 3.76 3.89 3.79 3.95 3.85 102 
A-207 3.51 3.36 3.40 3.38 3.4 I 90 
A-218 4.09 3.94 3.93 3.91 3.97 105 
A-219 3.82 3.63 3.81 3.63 3.72 98 
A-220 4.02 3.92 3.80 3.84 3.90 103 
A-224 3.72 3.73 3.73 3.72 3.72 98 
A-225 4.36 4 .11 4.00 4.14 4.15 109 
A-226 4.33 4.07 4.12 4.26 4.20 Ill 
1702 3.99 4.00 4.03 3.98 4.00 106 
Av. 3.97 3.89 3.86 3.87 3.90 
Two-clone synthetics 
C2 x CIO 4.36 3.82 3.97 3.95 4.02 106 
cs X ClO 4.00 3.74 3.87 3.96 3.89 103 
cs x C21 4.1 8 4.07 4.17 4.12 4.14 109 
CIO x C21 4.33 3.93 3.97 3.93 4.04 106 
Cl7 x Cl9 4.03 3.70 4.00 4 .1 5 3.97 105 
Av. 4 .18 3.85 3.99 4.02 4.01 
All 19 synthetics av. 4.02 ;J .88 3.89 3.91 3.93 
Checks 
Atlantic 3.73 3.90 3.61 3.80 3.76 99 
Buffalo 4.04 4.01 4.06 4.14 4.06 107 
Grimm 4.01 3.87 3.98 3.96 3.96 104 
Kansas Common 4.24 4.22 4.19 4.20 4.21 111 
Ladak 3.34 3.41 3.37 3.48 3.40 90 
Ranger 3.65 3.86 3.82 3.82 3.79 100 
Av. 3.84 3.88 3.84 3.90 3.86 
L.S.D .. 05 L .S.D . . 0 1 
For individual generations within a given synthetic 0.27 0.33 
For generations averaged over all multiple clone synthetics 0.08 0.10 
For generations averaged over all two-clone synthetics 0.16 0.20 
For generations averaged over all synthetics 0.07 0.09 
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Table 6. Analysis of variance of forage yields for 4 generations of 19 experimental 
synthetics and 6 check varieties tested in a 5 x 5 balanced lattice split-plot design, 
with 6 replications. Ithaca, New York, 1952-1954. 
Source of Variation D.F. S.S. M.S. F 
Replications 5 35.8207 1.1641 0.93 
Varieties 24 91.7097 3.8212 1.48 
Checks vs synthetics I l.3948 l.3948 0 .54 
Among checks 5 28.6478 5.7296 2.22 
Among synthetics 18 61.6671 3.4260 1.33 
2 clone vs multi-clone I 3.5819 3.5819 1.39 
Among 2 clone 4 2.3660 0.5915 0.23 
Among multi-clone 13 55.7192 4.2861 l.66 
Randomized block error (a) 120 247.0919 2.0591 2.81"" 
Generations of synthesis 3 4.4788 l.4929 6.91"" 
Generations x synthetics 54 11.1240 0 .2060 l.59"" 
Gen. x 2 clone vs multi-clone 3 2.2406 0.7469 5.77° 
Gen. x 2 clone 12 2.8537 0.2378 l.84"' 
Gen. x multi-clone 39 6.0297 0.1546 1.19 
Error (b) 393 50.8877 0.1295 l.58"" 
Years 2 450.2344 225.1172 33.06""' 
Years x replications 10 62.8780 6.2878 9.17"" 
Years x varieties 48 57.9209 l.2067 l.76"'"' 
Years x checks vs syn the tics 2 0.6779 0.3390 0.49 
Years x checks IO 20.1842 2.0184 2.94° 
Years x synth etics 36 37.0588 l.0294 I.SO• 
Yrs. x 2 clone vs multi -clone 2 5.2003 2.6002 3.79• 
Yrs. x 2 clone 8 11.5030 l .4379 2.10• 
Yrs. x mu lti-clone 26 20.3555 0 .7829 1.14 
Years x varieties x reps 240 164.6148 0 .6859 8.36*" 
Years x gen. of synthesis 6 0.5527 0.0921 1.12 
Years x gen. x synthetics 108 7 .1207 0 .0659 0.80 
Error (c) 786 64.4779 0.0820 
Total 1799 1248.9122 
•Significant at the 5 % level. 
• '* Significant at th e I % level. 
Attention is called to the footnote in Table 9 relating to substitu-
tions made at planting time due to seed shortages for some of the 
generations in certain experimental synthetics. Study will reveal that 
the nature of these substitutions could have little effect on perform-
ance, but could result in conservative estimates of seed generation 
differences. Generation differences, as indicated in Table 6, were highly 
significant even with the substitutions. Indicated differential perform-
ance between multiple-clone and two-clone synthetics for generation 
performance may be thought to be modified to a considerable extent 
by the substitutions. However, since they represented only a small 
proportion of the total, it is unlikely that this actually occurred. 
Forage yield differences among synthetics due to generation of syn-
thesis were significant at the one percent level (Table 6). For genera-
tions averaged over all 19 synthetics (Table 5), Syn-1 yields were 
significantly greater than those obtained in the other generations. Syn-2 
through Syn-4 yields were equal. 
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For generation effec ts averaged over all multiple-clone synthetics 
the trend was nearly identical with that obtained for the entire group 
of 19 synthetics. While 10 of the 14 multiple-clone synthetics showed a 
decline in yield from the Syn-1 to the Syn-2, there were no significant 
differences. No general trend was observed for yield performance in 
the Syn-2 versus Syn-3 and Syn-3 versus Syn-4 and no real yield differ-
ences were obtained for these comparisons. 
Considering generation effects averaged over all 2-clone synthetics, 
Syn-1 yields were significantly higher than those of the other genera-
tions. While Syn-2 versus Syn-3 and Syn-3 versus Syn-4 yields were not 
greatly different, Syn -4 yields were appreciably greater than those of 
the Syn-2. All of the synthetics declined in yield from the Syn-1 to the 
Syn-2 and in 3 synthetics the differences were significant. There was 
an increase in yield from the Syn-2 to Syn-3 in all 5 synthetics but the 
increase was significan t in only one synthetic, Cl 7 x Cl 9. No real dif-
ferences in the perform an ce of the Syn-3 versus Syn-4 gen erations of 
individual synthetics were obtained. 
Of the 19 synthetics studied, 14 declined in yield from the Syn-1 
to the Syn-4 gen erations. This decrease in yield, however, was appre-
ciable only in one multiple-clone and two 2-clone syn thetics. No 
appreciable increases in yield from the Syn-I through Syn-4 generations 
of individual synthetics were obtained. 
A significant generation x synthetic interaction, indicating that 
individual synthetics were not parallel in performance, was obtained 
only for the group of two-clone synthetics. Average performance of the 
two-clone synthetics was somewhat greater than that of the multiple-
clone group. 
Annual and 3-year-average rela tive forage yields of the Syn-1 gen-
eration in both the multiple-clone and 2-clone groups excelled the 
mean yield of the ch eck varieties and the 2-clone group showed greatest 
superiority (Table 7) . Average yields of the Syn-2, -3, and -4 genera-
Table 7. Relative forage yields of 4 successive generations of experimental synthetics 
in relation to the average yield of 6 check varieties as 100. Ithaca, New York. 
Syntheti cs 
Generation of synthesis and 
Period of relati ve forage yie1ds
1 
1ype I No. Testing Syn- I Svn-2 Syn-3 Syn -4 
Pct Pct Pct Pct 
Multiple-clone 14 1952 101 JOO 100 100 
1953 104 100 100 100 
1954 102 102 100 100 
1952-54 103 101 100 100 
Two-clone 5 1952 106 96 101 104 
1953 114 106 108 107 
1954 105 97 100 102 
1952-54 108 100 103 104 
1 In relation to the yield of the 6 check varieties (Atlantic, Buffalo, Grimm , Kansas Common, 
Ladak and Ranger) as 100. The mean yields of 12 % moisture hay for these were 4.33 tons/ acre 
in 1952, 4 .07 tons/ acre in 1953, 3. 19 tons/ acre in 1954 and 3.86 tons/ acre in 19!i2-,lj4 , 
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tions of the multiple-clone combinations were almost identical for all 
years. The relative production, except for two instances, was the same 
as the check varieties. The Syn-2 generation of the 2-clone combina-
tions tended to be lower in relative yield performance than the checks, 
whereas the Syn-3 and Syn-4 generations exceeded the checks and 
showed progressive increases over that of the Syn-2. 
Locations Combined-Seven of the 14 multiple-clone synthetics and 
4 of the five 2-clone synthetics outyielded the average of the check 
varieties at both locations (Tables 2 and 5). 
Three-year-average forage yields for the 2-clone and multiple-clone 
groups at Lincoln, Nebraska, and Ithaca, New York, are shown dia-
grammatically in Figure 1. Although the cutting practices, twice yearly 
at Ithaca and three times at Lincoln, resulted in different yield levels 
for the two locations, the production trends were quite similar for the 
different generations within each of the two groups. 
The Syn-I yields of the multiple-clone and 2-clone groups were 
very similar, as were the Syn-4 yields for these two groups of synthetics 
at Lincoln. Contrasted with this, at Ithaca the paired comparisons of 
these two generations for the 2-clone and multiple-clone groups were 
very dissimilar in yield. The low Syn-I yield of the multiple-clone group 
at Ithaca was probably due in part to the substitution of Syn-2 seed for 
Syn-I seed in 20 percent of the plots (Table 9). The drop in yield of 
multiple-clone synthetics from the Syn-I to the Syn-2 was 3 percent at 
Lincoln and 2 percent at Ithaca. At both locations Syn-3 and -4 yields 
of the multiple-clone synthetics were essentially equal. The Syn-2 gen-
eration yields of the 2-clone synthetics were 10 percent and 8 percent 
less than the Syn-I at Lincoln and Ithaca, respectively. Neither the 
increase in forage production of the Syn-3 over the Syn-2 of the 2-clone 
combinations at both locations nor the I percent increase for Syn-4 
over Syn-3 of this same group at Ithaca were expected, particularly the 
latter, since Syn-3 seed was substituted for ½ of the Syn-4 generation 
plots. An important factor to consider in studying the data for the 
2-clone group is that only five combinations comprising six different 
parental clones were tested. 
Comparison of Figure 1 with Figure 2 is of particular interest. 
Theoretical yields of 4 successive generations of alfalfa synthetics, 
based on the findings of Tysdal et al. (19, Table 8), are presented in 
Figure 2. Tysdal et al. (19) assumed the use of 4 hybrids as parental 
material and the occurrence of sibbing in the synthetic. In the present 
study the parental clones were assumed to be of non-inbred, i.e., hybrid, 
origin. Thus the yield curve for multiple-clone synthetics obtained in 
this investigation is believed to be comparable to the theoretical curve 
shown in Figure 2. Except for the Syn-1 yields from Ithaca, perform-
ance of the multiple-clone groups at both locations closely para11eled 
the Tysdal et al. prediction in which 50 percent crossing was assumed. 
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All multiple-clone synthetics did not perform alike in the different 
seed generations. Yield trends of synthetics which differed markedly 
from mean performance of the multiple-clone group (Figures 3 and 4), 
showed that several combinations gave approximately equal perform-
ance for all generations. Significant yield differences due to generation 
of synthesis were found only for A205 and 1702 at Lincoln. 
Relationship among parental clones is another factor that deter-
mines generation performance of synthetics. A number of the parental 
clones trace to Ranger. R anger h as a broad germplasm base from many 
plants of Cossack, Turkistan, and Ladak. While no conscious effort 
was made to cross related parents, certain combinations presented in 
Figures 3 and 4 contain parental clones which, on the basis of pedigree, 
may be related to some degree. This situation afforded an opportunity 
to study relationship between parental pedigrees and effect of gen-
eration of synthesis on performance. 
In Figure 3, the parental clones involved in any one of the syn-
thetics A225, A205, and 1702 were considered to be unrelated, whereas 
in A207, 2 of the 5 parental clones, namely, Nebraska 1315 and 1327, 
trace to Ranger and therefore were somewhat related. Intercrossing 
these 2 related clones and 3 nonrelated clones would be expected to 
cause some inbreeding depression in the first generation, probably 
followed by a more or less uniform yield in advanced generations. A207 
actually showed a gradual increase in yield level as generations were 
advanced. No consistent yield trends were observed for the other three 
synthetics. For graphic comparisons (Figure 4) A224 is comprised of 
unrelated parents, and A201, A202, and A219 are comprised of 3, 3, 
and 2 related parental clones, respectively. Although A202 performed 
as expected for crossing related clones, A201 and A219 did not. The 
yield trend of A224 did not follow the group means. T he group means 
agreed quite closely with theoretical yields. Thus, it appeared that 
apparent pedigree-based relationship between clones had little or no 
bearing on the performance trends of the multiple-clone synthetics in 
the various generations. 
Average generation performance trends for the two groups of syn-
thetics were nearly the same at both locations, but there was definite 
evidence of generation x location interaction for different multiple-
clone synthetics. The 3 combinations showing greatest location per-
formance discrepancy are compared in Figure 5. Significant yield 
differences due to generation of synthesis were found in synthetics 
A203 and A219 at Lincoln. A203 showed the same general yield trend 
from the Syn-1 through the Syn-3 generations at both locations, except 
that the magnitude of the drop from Syn-2 to Syn-3 was much greater 
at Lincoln than at Ithaca. The Syn-4 yield of this synthetic was greater 
than the Syn-3 at Lincoln, while at Ithaca a reverse relation occurred 
for these 2 generations. 
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Performance of A201 was similar at both locations in that Syn-3 
yields were higher than either the Syn-1 or Syn-2, and there was a 
slight decline from the Syn-3 to the Syn-1. However, at Lincoln the 
Syn-2 generation yielded less than the Syn-1, while at Ithaca the Syn-2 
was the higher yielding of the two. At Lincoln, A219 showed a pro-
gressive decline in yield with advance in seed generation, while at 
Ithaca Syn-1 and Syn-3 yields were highest and equal, and Syn-2 and 
Syn-4 were lowest and equal. Since no seed substitutions were involved 
in these synthetics at either location, differences in performance were 
attributed to environmental interaction for individual synthetics. 
Closely Related Multiple-clone Synthetics-A204 and A218 are 
4-clone synthetics with identical parental clones, but different methods 
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were used in producing the Syn-I generation seed (Table I). The Syn-I 
seed of A204 was produced by the multicross method, which, if pol-
lination were at random, would consist largely of a mixture of the 6 
different single-crosses possible among the 4 parental clones. The Syn-I 
of A218 was produced by the double-cross method and would largely 
consist of double-cross combinations if pollination were at random. 
Thus, theoretically, the Syn-I of A204 should be superior to the Syn-I 
of A218 and the Syn-2 of A204 should perform essentially the same as 
the Syn-I of A218. Theoretically, at equilibrium these two synthetics 
should give the same yield performance. 
At Lincoln (Figure 6) the Syn-I of A204 was superior to the Syn-I 
of A218, the Syn-2 of A204 was less productive than the Syn-I of A218, 
and the Syn-3 and -4 yields of the two synthetics were far from being 
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Fig. 6. T hree-year average forage yields of A204 (C2 x CS x CIO x C21) vs. A218
(C2 x CIO) x (CS x C21). Lincoln, Nebraska, 1952-54. 
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equal. Significant yield differences were obtained between the Syn-I 
and other generations of A204; also the Syn-1 vs. Syn-3, Syn-1 vs. Syn-4, 
and Syn-2 vs. Syn-3 of A218. 
A comparison of the drop in yields from the Syn-1 to Syn-2 gen-
erations of A204 versus A218 Figure 66) is of interest. The greater drop 
in Syn-2 yields when the Syn-I is largely a mixture of single-crosses 
(A204) than when the Syn-I consists largely of double-crosses (A2 I 8) is 
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as expected. The Syn-2 of A204 would in all probability have resulted 
from a greater degree of inbreeding than the Syn-2 of A21S. The Syn-2 
of A21S would contain a greater mixture of complex crosses than 
would the Syn-2 of A204. 
Syn-I generations of 3 multiple-clone synthetics A21S, A219, and 
A220 were produced by the double-cross method. These 3 synthetics 
have the parental clones CS and CI0 in common. The Syn-I generation 
of these synthetics was produced as follows: A21S (C2 x CIO) (CS x 
C21); A219 (CS x ClO) (C l 7 x Cl9); A220 (CS x Cl 7) (CIO x C21). 
Thus, although CS and 10 are involved in all 3 synthetics, these clones 
entered the synthetics in different ways_ 
The yield trends at Lincoln for the 3 synthetics from the Syn- I to 
the Syn-3 were quite similar although at somewhat different levels 
(Figure 7). Significant yield differences due to generation of synthesis 
were found for all three synthetics. A21S and A220, while different in 
Syn-I yields, performed similarly in the other 3 generations. These 2 
synthetics had 3 parents in common. A major yield difference in the 
Syn-1 may h ave been due to specific effects of a single parent. Such 
effects, however, were apparently diluted in subsequent generations. 
Of the clones involved in A219, CS and Cl0 are unrelated but Cl7 
and Cl9 both trace to the same maternal parent, namely C2. Cl7 and 
Cl9 entered the double-cross from the same side, that is, they were 
crossed to form one single-cross parent. Since genetically, A2 19 may 
have been essentially a 3-way rather than double-cross, it is not sur-
prising that Syn-I yields were the same as for A2 1S but Syn-4 yields 
were the lowest of the group. 
Two-clone Synthetics-Three-year average forage yields of the in-
dividual experimental 2-clone synthetics tested at Lincoln and Ithaca 
are presented in Figures S and 9 respectively. As in the multiple-clone 
synthetics, interaction of location with generation was eviden t. In all 
cases except Cl7 x Cl9, Syn-2 yields were appreciably less than Syn-1. 
For synthetic C2 x CIO, some differential location performance was 
noted for the Syn-2 versus Syn-3 although yield differences between 
the Syn-2 and Syn-3 were non-significant at both locations. Variation 
in generation performance between locations was also evident for CS x 
C J0, CS x C21, and Cl0 x C21. 
The 4 generations of Cl 7 x Cl 9 gave the most aberrant performance 
of the 2-clone combinations tested. At both locations, the Syn-4 pro-
duced more than the Syn-1. At Lincoln, the Syn-I was lower yielding 
than the Syn-2. This reversal of the average yield performance of 
2-clone synthetics is ascribed to the fact that Cl 7 and Cl9 are sister 
selections from open-pollina ted progeny of C2. The progressive in-
crease in yield beyond the Syn-2 generation may have been due to 
recombination of favorable yield factors. 
29 
4.80 
4,70 \ 
4.&o ~\ 
4,50 \ 
\ 
/ _____ c,oxc21 
4.40 , \ \ , / 
UJ 4.30 ,/
~ \ / 
u \ 
~ \ ""- 4.20 
_. -Cl7KC19 (II ,, ,,. ,, 
-,..,,.. ... _ 
z 
~--
- -cs KCJO o 4.to 
.... 
,_ 
-- --}---
,' ' 
' 
"" 
4.oo C2 >< CJO 
' 
' 
3',90 
' 
' 
'- cexC21 
3'.80 
5,10 
2 3 4 
GENERATION OJ:' SYNTHESIS 
Fig. 8. Three-year average forage yields of individual experimental 2-clone synthetics. 
L incoln, Nebraska, 1952-54. 
30 
4Ao 
4 .20 
w 
~ 4.10 
<( 
' c,, 4.00 z 
0 
1- 3.90 
,.so 
J.70 
3.60 
2 3 4 
GENERATION OF SYNTHESIS 
Fig. 9. Three-year average forage yields of individual experimental 2-clone synthetics. 
Ithaca, New York, 1952-54. 
Parent-progeny Relationships 
Self-fertility of parental clones varied from 8 to 82 percent. Average 
forage yields of polycross progenies varied from 92 to 113 percent of 
the check variety R anger. Most of the clones in this study were classi-
fied as good combiners. 
A correlation of r = -.32*, 38 d .f., was found between self-fertility 
of clones and forage yield of their polycross progeny. One clone in-
dexed as 67 percent self-fertile gave very high polycross progeny yields. 
On the other hand, low polycross progeny yields were obtained from 
a clone indexed as 9 percen t self-fertile. 
A non-significant correlation of r = -.05, 17 d.f., was found between 
forage yields of synthetics, averaged over all generations of synthesis, 
and average self-fertility of their parental clones. A non-significant 
correlation of r = .22, 16 d.£., was obtained between average forage 
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yield of polycross progeny of parental clones and forage yield of syn-
thetics, averaged over all generations of synthesis, derived from them. 
This positive though non-significant correlation was evident for both 
two-clone and multiple-clone synthetics. 
DISCUSSION 
It is interesting to compare the results of this study on alfalfa with 
those obtained from certain other crops. 
Considering the mean yields of check varieties as 100, the compara-
tive relative average forage yields for 4 successive generations of the 
14 experimental multiple-clone synthetics of alfalfa at Lincoln, Ne-
braska, were 107, 104, 102, and 101 for the Syn-1, -2, -3, and -4 genera-
tions, respectively (Table 4). Comparable yields for this group at 
Ithaca were 103, 101, 100, and 100 (Table 7). 
Sprague and .Jenkins (14) reported relative average yields for 5 
synthetics of corn in the F2, F3, and generations as 100, 94, 95, 
and 95, respectively, and relative average yields for 8 multiple crosses 
of corn in the F1, F2, F3, and generations as 100, 100, 105, and 103. 
Lonnquist and McGill (11) reported slight to major yield increases 
accompanied by slightly later maturity in corn synthetics tested from 
the Syn-2 through the Syn-5 generations. Respective relative yields for 
the Syn-2, -3, -4, and -5 generations of 2 different synthetics were 100, 
103, 105, 106; and 100, 108, 104, 110; and for the Syn-2, -3, and -4 
generations of another synthetic they were 100, 120, and 126. Visual 
selection was believed to have influenced the results reported for ad-
vanced generations in both of these studies on corn. 
Weiss et al . (20) found no change in forage yield and other charac-
teristics from the Syn-1 to Syn-2 of orchard grass synthetics and Torrie 
et al. (15) found no differences in forage yield between the Syn-1 to 
Syn-5 of a synthetic variety of red clover. Knowles (10) concluded from 
studies of diploid and tetraploid types of crested wheatgrass that, when 
grown in seeded plots, differences between the Syn-1 through Syn-3 
were only minor, but in space-planted studies, Syn-2 and Syn-3 forage 
and seed yields declined from the Syn-1 level. 
Although no visual selection was practiced in advancing the genera-
tions of the 19 experimental synthetics of alfalfa, the possibility of the 
occurrence of natural selection is recognized, particularly since geno-
types x environmental interaction in seed production has been ob-
served in other studies. 
It would seem important to have nearly constant environmental 
conditions when advancing generations of synthetics intended for crit-
ical studies. As mentioned before, yearly conditions varied while seed 
was being produced for this study, so that it was necessary to maintain 
some isolations for more than one year. Possibly the forage yield trends 
for the 2-clone synthetics shown in Figure 1 may be partially explained 
32 
by the effects of differential environment having favored or retarded 
seed production of certain genotypes. 
Methods of producing the Syn-I and other generations of the mul-
tiple and two-clone synthetics were outlined in the Materials and 
Methods section. It was assumed that the seed lots used in this study 
were alike in vitality although the difficulties in obtaining lots of 
comparable quality were recognized. It is quite possible that some of 
the variations in forage yield which have been ascribed to generation 
effects may actually have been due to age or quality of seed. Age of 
seed has been known to effect seedling vigor under field conditions even 
though laboratory tests such as were used in this study had revealed no 
differences between lots. Stand counts taken on all plots at both loca-
tions in 1952, the year after seeding and the first year of the yield 
trials, indicated that uniform stands had been obtained. Stands were 
sufficiently comparable throughout the test period so that stand was 
not a factor in evaluating generation effect. 
Neither the number of parental clones involved in the synthetic 
nor the method of producing Syn-1 generation seed had any consistent 
effect on performance due to generation of synthesis. Thus, it is ob-
vious that mean performance of a group of synthetics is of limited 
value in predicting the performance of any given synthetic. Each new 
synthetic must be tested to determine its performance in different 
generations of synthesis. 
Specific effects of one parental clone were found on yield perform-
ance of both two-clone and multiple-clone synthetics. A specific effect 
could be caused by genetic factors for compatibility, incompatibility, 
combining ability, or phenomena such as linkage. Although no ex-
amples or theoretical considerations of Brewbaker and Atwood (3) 
seemed to apply to crossing a relatively self-fertile clone like Cl7 with 
a relatively self-sterile clone like Cl9, it may be that genetic compati-
bility effects provided a basis for increased yield from the Syn-1 through 
the Syn-4 generations in the synthetic Cl7 x Cl9. A shift in gene fre-
quencies due to compatibility factors may occur as generations are 
advanced. 
The optimum number of clones to be included in a synthetic seems 
to be dependent on many factors. High and equal Syn-1 yields were 
obtained when the parental number varied from 2 to 6. Syn-3 and 
Syn-4 yields of the 2-clone and multiple-clone groups were also essen-
tially equal. Average Syn-I yields of eight 4-clone, five 5-clone, one 
6-clone, and five 2-clone synthetics were 4.43, 4.42, 4.46, and 4.46 tons 
per acre, respectively, for the 3-year period at Lincoln. Average Syn-4 
yields of the same 4-clone, 5-clone, 6-clone, and 2-clone synthetics were 
4.12, 4.22, 4.52, and 4.14, respectively. Thus in comparing 2-clone, 
4-clone, and 5-clone synthetics, where the number of synthetics tested 
was equal or reasonably so, optimum number could not be defined. 
Since it is easier to obtain two rather than a higher number of clones 
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expressing superior specific combining ability, it seems that Syn-] 
generation 2-clone synthetics are highly desirable. The region of adap-
tation of synthetics with a narrow germplasm base may be considerably 
smaller than that for those with a wider base. However, in this study 
the highest-yielding two-clone synthetics at Lincoln were also high-
yielding at Ithaca. Recent genetic evidence in alfalfa indicates that 
breeding materials behave as autotetraploids. Crosses of two non-
inbred autotetraploid clones may be comparable in performance to 
double or even multiple-crosses in such diploid plants as corn. As more 
specific local disease, insect, and other problems develop, alfalfa varie-
ties will be bred for small rather than large areas. Thus it seems that 
the optimum number of clones to include in a synthetic will depend 
on the number of clones available that combine well and contribute 
the specific traits desired in the synthetic. 
The self-fertility values utilized in calculating the correlations re-
ported were determined by the usual means outlined in Materials 
and Methods. Use of values thus determined in this and other studies 
such as those reviewed, is viewed with concern. Wilsie and Skory (22) 
reported coefficients of variability of from 11 to 84 percent for self-
fertility between cuttings of the same clone. Environment seems able 
to influence the self-fertility of certain clones. Repeating self-fertility 
determinations of a clone under different environments and using 
average values from such studies for correlations would perhaps lead 
to more agreement on the relationship of self-fertility to other char-
acteristics. 
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APPENDIX 
T able 8. Adjusted annual and 3-year average forage yields in tons/ acre of 12 per 
cent moisture hay for 4 generations of 19 exp erimental synthetics and 6 ch eck 
varieties tested in a 5 x 5 b alan ced lattice split-p lot design, with 6 replications. 
Lincoln, Nebraska, 1952-1954. 
GcneraLion of Syn thesi s1 
Synthetic Year 
or Check Syn -I Syn-2 Syn-3 Syn-4 
Multiple-clone Synthetics 
A201 1952 3.91 3.86 3.87 4.00 
1953 3.24 2.86 3.32 3.25 
1954 4.35 4.32 4.62 4.52 
1952- 54Av. 3.84 3.69 3.95 3.93 
A202 1952 4.83 4.81 4.82 4.80 
1953 3.60 4.01 3.73 3.62 
1954 5.35 5.3 1 5.26 5.06 
1952-54 Av. 4.59 4.7 1 4.60 4.49 
A203 1952 4.17 4.24 3.82 4.18 
1953 3.94 3.69 3.33 3.55 
1954 5.44 5.26 4.86 4.68 
1952-54Av. 4.5 1 4.39 4.00 4. 14 
A204 1952 5.04 4.55 4.71 4.44 
1953 3.81 3.38 3.34 3.42 
1954 5.36 4.78 5.04 5.07 
1952-54 Av. 4.74 4.23 4.36 4.31 
A205 1952 4.91 4.90 4.67 4.40 
1953 3.54 3.52 3.32 3.16 
1954 5.15 5. 10 4.80 4.64 
1952-54 Av. 4.54 4.51 4.27 4.07 
A206 1952 4.33 4.10 4.04 4.1 8 
1953 3.41 3.22 3.09 3.34 
1954 5.35 5.12 4.65 4.80 
1952- 54 Av. 4.36 4.14 3.92 4.10 
A207 1952 4.28 4.47 4.27 4.43 
1953 3.32 3.24 3.24 3.20 
1954 4.68 4.96 5.01 5.23 
1952-54 Av. 4 .09 4.22 4.17 4.28 
A2 18 1952 4.71 4.55 4.07 4.10 
1953 3.50 3.39 3.05 3.11 
1954 5.18 5.17 4.84 4.95 
1952-54Av. 4.47 4.37 3.99 4.06 
A2 19 1952 4.77 4.49 4.48 4.06 
1953 3.38 3.24 3.24 2.77 
1954 5.20 4.91 4.8 1 4.40 
1952- 54 Av. 4.45 4.21 4.17 3.74 
A220 1952 5.08 4.68 4.40 4.40 
1953 3.62 3.19 3.04 3.20 
1954 5.52 5.09 4.63 4.99 
1952- 54 Av. 4.74 4.32 4.03 4.20 
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Table 8 (Continued) 
Generation of Synlhesis1 
Synthetic Year 
or Check Syn- I Syn-2 Syn-3 Syn -4 
A224 1952 4.31 4.22 4.49 4.40 
1953 3.63 3.35 3.77 3.7 1 
1954 5.27 5.50 5.51 5.61 
1952-54 Av. 4.37 4.32 4.56 4.54 
A225 1952 4.54 4.7 1 4.57 4.77 
1953 3.81 3.73 3.70 3.72 
1954 5.03 4.72 5.14 5.06 
I952-54Av. 4.46 4.39 4.47 4.52 
A226 1952 4.51 4.38 4.38 4.19 
1953 3.52 3.56 3.30 3.32 
1954 5.04 5.06 4.52 4.97 
1952-54Av. 4.35 4.33 4.07 4.16 
1702 1952 4.67 4.46 4.37 4.11 
1953 3.54 3.59 3.51 3.08 
1954 5. 15 5.13 5.20 4.76 
1952-54Av. 4.45 4.39 4.36 3.98 
Av. of Multiple-clone Synthetics 
1952-54 4.43 4.30 4.21 4.18 
Two-clone Synthetics 
C2 x Cl0 1952 4.83 4.35 4.04 4.27 
1953 3.46 3.40 3.16 3.03 
1954 5.53 4.66 4.51 4.81 
1952-54 Av. 4.61 4. 13 3.90 4.03 
cs X ClO 1952 4.98 4.30 4.40 4.46 
1953 3.51 3.16 3.23 3.21 
1954 5.38 4.86 4.97 4.77 
1952-54Av. 4.61 4.10 4.19 4.14 
cs x C21 1952 4.77 4.06 4.03 3.93 
1953 3.65 3.07 3.30 2.96 
1954 5.38 5.18 4.98 4.76 
1952- 54 Av. 4.64 4.08 4.09 3.87 
Cl0 x C21 1952 4.76 4.40 4.49 4.61 
1953 3.81 3.32 3.52 3.56 
1954 5.62 5.07 5.40 5.22 
1952-54 Av. 4.73 4.27 4.47 4.47 
Cl7 x Cl9 1952 3.98 3.79 4.05 4.14 
1953 2.76 2.98 3.39 3.38 
1954 4.38 4.65 4.80 5.03 
1952-54 Av. 3.69 3.80 4.07 4.17 
Av. of Two-clone Synthetics 
1952- 54 4.46 4.08 4.14 4.14 
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Table 8 (Concluded ) 
Synthetic 
or Check 
Checks 
Atlan tic 
Buffa lo 
Grimm 
Kansas Common 
Ladak 
R anger 
Av. of checks 
Year 
1952 
1953 
1954 
1952- 54 Av. 
1952 
1953 
1954 
1952-54 Av. 
1952 
1953 
1954 
1952-.54 Av. 
19.52 
1953 
1954 
1952-.54Av. 
1952 
1953 
1954 
1952-.54 Av. 
19.52 
1953 
1954 
1952-54 Av. 
1952-54 
1 Substi tution s made due to seed l im itation s: 
Syn -I 
4.13 
3.44 
5.05 
4.21 
4.65 
3.61 
4.79 
4.34 
3.61 
3.32 
4.36 
3.75 
4.12 
3.34 
5.24 
4.24 
4.03 
3.40 
4.88 
4.09 
4.56 
3.53 
4.99 
4.35 
4.16 
Genera Lion of Synthesis1 
Syn -2 
3.80 
3.52 
4.81 
4.05 
4.41 
3 . .54 
4.58 
4.17 
3.74 
3.32 
4.46 
3.83 
4.34 
3 . .54 
4.91 
4.27 
4.10 
3.76 
5.39 
4.40 
4.44 
3.44 
5.09 
4.3 1 
4.16 
Syn-3 
3.98 
3.34 
4.96 
4.10 
4.39 
3.49 
4.29 
4.05 
3.90 
3.44 
4.74 
4.01 
4.34 
3.38 
4.83 
4.19 
4 .16 
3.52 
5.43 
4.36 
4.50 
3.30 
4.89 
4.22 
4.15 
Syn -4 
3.98 
3.38 
5.08 
4.16 
4.31 
3.72 
4.99 
4.33 
3.56 
3.29 
4.24 
3.69 
4.07 
3.42 
5.04 
4.18 
4.46 
3.33 
4.82 
4.19 
4.50 
3.25 
4.70 
4.14 
4.11 
Synthetic a nd Gen eration Synthetic and Gen eration 
w here seed was short of the substi tu te seed 
A224 Syn . 4 in a ll replications A224 Syn . 3 
A225 Syn . 4 in all repli cations A225 Syn. 3 
A226 Syn . 4 in repli cat io ns 2, 3, and 4 A226 Syn . 3 
C2 x C IO Syn. 4 in r ep lications 2, 3, and 4 C2 x CIO Syn. 3 
Real generations of syn thesis d id not exist for the check varieties but to balance t he desig n of 
the experimen t, 4 contiguous p lots of each of the 6 check varieties were p lanted in each replication 
and each of t he 4 plots was randomly assigned a generation n umber. All p lots of a given check 
var iety were from a single lot of seed. 
Table 9. Unadjusted annual and 3-year average forage yields in tons / acre of 12 per 
cent moisture hay for 4 generations of 19 experimental synthetics and 6 check 
varieties tested in a 5 x 5 balanced lattice split-plot design, with 6 replications. 
Ithaca, New York, 1952-1954. 
Generation o f Synthesis1 
Synthetic Year 
I I I or Check Syn-I Syn-2 Syn-3 Syn-4 
Multiple-clone Synthetics 
A-201 1952 3.68 4.00 4.24 4.08 
1953 3.87 3.92 4.03 3.99 
1954 3.08 3.28 3.17 3.05 
1952-54Av. 3.54 3.73 3.81 3.70 
A-202 1952 4.37 4.50 4 .47 4.73 
1953 4.30 4.16 4.07 4.29 
1954 3.66 3.53 3.47 3.44 
1952-54 Av. 4.11 4.06 4.00 4.15 
A-203 1952 4.50 4.45 4.27 4.22 
1953 3.82 3.70 3.76 3.56 
1954 3.06 3.09 2.84 2.88 
1952-54Av. 3.79 3.75 3.62 3.56 
A-204 1952 5.10 4.80 4.78 4.67 
1953 4.96 4.78 4.84 4.60 
1954 3.55 3.34 3.33 3.26 
1952-54 Av. 4.50 4.31 4.32 4.18 
A-205 1952 4.64 4.37 4.09 4.17 
1953 4.22 4.09 3.74 4.10 
1954 3.25 3.30 3.18 3.17 
1952-54Av. 3.99 3.92 3.67 3.82 
A-206 1952 3.82 4.48 4.30 4.38 
1953 3.87 4.10 4.12 4.30 
1954 3.03 3.11 3.05 3.19 
1952-54 Av. 3.76 3.89 3.79 3.95 
A-207 1952 4.00 3.87 3.82 4.03 
1953 3.55 3.46 3.61 3.41 
1954 2.87 2.75 2.77 2.69 
1952-54Av. 3.5 1 3.36 3.40 3.38 
A-218 1952 4 .56 4.65 4 .50 4.26 
1953 4.36 3.94 4.01 4.08 
1954 3.30 3.22 3.28 3.13 
1952-54 Av. 4.09 3.94 3.93 3.91 
A-219 1952 4.04 3.75 4.22 4.00 
1953 4.22 4.09 4.18 3.98 
1954 3.20 3.04 3.03 2 .90 
1952-54 Av. 3.82 3.63 3.81 3.63 
A-220 1952 4.72 4.54 4.40 4.42 
1953 4.16 3.96 3.82 3.90 
1954 3.19 3.24 3.17 3.20 
1952-54 Av. 4.02 3.92 3.80 3.84 
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Table 9 (Continued) 
Generation of Synthesis1 
Sy1uhctic Year 
I I I or Check Syn- I Syn-2 Syn-3 Syn-4 
A-224 1952 3.98 3.94 4.06 4.22 
1953 4.36 4.36 4.14 4.07 
1954 2.82 2.91 2.99 2.89 
1952-54 Av. 3.72 3.73 3.73 3.72 
A-225 1952 4.80 4.47 4.15 4.41 
1953 4.68 4.32 4.34 4.34 
1954 3.61 3.55 3.52 3.69 
1952-54Av. 4.36 4.11 4.00 4.14 
A-226 1952 4.46 4.29 4.34 4.53 
1953 4.60 4.16 4.38 4.47 
1954 3.94 3.76 3.65 3.78 
1952- 54 Av. 4.33 4.07 4.12 4.26 
1702 1952 4.7.5 4.66 4.85 4.54 
1953 4.07 4.14 4.00 4 .1 2 
1954 3.25 3.20 3.25 3.26 
1952-54 Av. 3.99 4.00 4.03 3.98 
Av. of Mu ltiple-clone Synth eti cs 
1952- 54 3.97 3.89 3.86 3.87 
T ,vo-clone Synthetics 
C2 x ClO 1952 4.53 3.82 3.97 4.01 
1953 4.72 4.23 4.44 4.26 
1954 3.83 3.42 3.50 3.59 
1952-54Av. 4.36 3.82 3.97 3.95 
C8 x C IO 1952 4.25 3.94 4.14 4.48 
1953 4.48 4.26 4.42 4.47 
1954 3.28 3.01 3.04 3.22 
1952-54 Av. 4.00 3.74 3.87 3.96 
cs x C2 1 1952 4.85 4.56 4.89 4.78 
1953 4.7 1 4.54 4.45 4.38 
1954 3.09 3. 11 3.17 3.22 
1952- 54 Av. 4 .1 8 4.07 4.17 4.12 
ClO x C21 1952 4.92 4.38 4.51 4.53 
1953 4.86 4.45 4.48 4.36 
1954 3.20 2.94 2.93 2.90 
1952- 54 Av. 4.33 3.93 3.97 3.93 
Cl 7 x Cl9 1952 4.31 4.05 4.40 4.77 
1%3 4.38 4.00 4.33 4.32 
1954 3.40 3.06 3.27 3.37 
1952- 54 Av. 4.03 3.70 4.00 4. 15 
Av. of Two-clone Synth eti cs 
1952-54 4. 18 3.85 3.99 4.02 
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Table 9 (Concluded) 
Generation of Synthesis1 
Synthetic 
or Ch eck 
Year 
Sy n -I Syn-2 Sy n -3 Syn-4 
Checks 
Atlantic 
Buffalo 
Grimm 
1952 
1953 
1954 
1952-54 Av. 
1952 
1953 
1954-
1952-54 Av. 
1952 
1953 
1954 
1952-54 Av. 
4.68 
3.57 
2.94 
3.73 
4.68 
4.02 
3.41 
4 .04 
4.49 
4.46 
3.08 
4.01 
4.86 4.47 4.72 
3.89 3.50 3.7 1 
2.97 2.86 2.97 
3.90 3.61 3.80 
4.50 4.56 4 .69 
4 .02 4.25 4 .1 7 
3.52 3.36 3.55 
4.01 4 .06 4.14 
4.20 4.45 4.25 
4.20 4.46 4.51 
3.24 3.03 3.11 
3.87 3.98 3.96 
Kansas Common 1952 4.25 4.20 4.32 4.25 
1953 4.56 4.46 4.37 4.56 
1954 3.89 4.00 3.88 3.79 
1952-54 Av. 4.24 4.22 4. 19 4.20 
Ladak 1952 3.84 3.99 3.90 4.15 
1953 3.72 3.68 3.70 3.74 
1954 2.46 2.56 2.53 2.56 
1952-54 Av. 3.34 3.41 3.37 3.48 
Ranger 1952 4.08 4.28 4.04 4.10 
1953 3.73 4.14 4.15 4.03 
1954 3.15 3.16 3.26 3.32 
1952-54Av. 3.65 3.86 3.82 3.82 
Av. of checks 
1952-54 3.84 3.88 3.84 3.90 
1Substitutions made due to seed li mitations: 
Synthetic and Generation Synthetic and Generation 
where seed was short of the substitute seed 
A-204 Syn. J in replications 5 and 6 A-204 Syn. 2 
A-205 Syn . J in replications 5 and 6 A-205 Syn. 2 
A-206 Syn. I in replications 4, 5 and 6 A-206 Syn. 2 
A-207 Syn . I in replications 4, 5 a nd 6 A -207 Syn. 2 
A-218 Syn. I in repli cations 3, 4, 5 a nd 6 A-2 18 Syn. 2 
A-21S Syn. 4 in replications 5 and 6 A-2 1S Syn. 3 
A-220 Syn. I in replicat ion 6 A-220 Syn. 2 
A-224 Syn. 4 in a ll repli cations A-224 Syn. 3 
A-225 Syn 4 in all rep lications A -225 Syn. 3 
A-226 Syn . 4 in all repli cations A-226 Syn. 2 
1702 Syn. I in r epli cations 4, 5 and 6 1702 Syn. 2 
C2 x C I0 Syn. 4 in a ll r ep li cations C2 x CI0 Syn. 3 
CS x CI0 Syn. 4 in rep licat ions 4, 5 and 6 CS x CIO Syn. 3 
CS x C2 1 Syn. 1 in replications 4, 5 and 6 CS x C21 Syn. 2 
CS x C21 Svn. 4 in all replications CS x C21 Syn. 3 
Real generations of synthesis did not exist for the check varieties but to ba lance the design 
of the experiment, ·1 contiguous plots of each of the 6 check vari eties were planted in each 
replication and each of the 4 plots was randomly ass igned a generati on number. All plots of a 
given check variety were from a sing le lot of seed. 
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